INTRODUCTION
Gemini surfactants are amphiphilic twin-chain dialkyldimethylammonium molecules. They have been extensively studied because their surface-active properties micelle formation, surface tension lowering, and foaming are superior to those of the corresponding single-chain surfactants 1 6 .
However, the widespread use of these surfactants in household products such as germicides, softeners, and antistatic agents can cause environmental problems due to poor biodegradability. Consequently, much attention has been paid to the development of novel types of environmentally friendly cationic surfactants. Puchta et al. 7 developed a new type of cleavable cationic surfactant termed EQs esterquats by introducing an easily cleavable oxycarbonyl group in the lipophilic portion of the molecule. This made the surfactant more readily hydrolysable, thus improving its biodegradability. More recently, other cleavable surfactants have been developed 8 14 . Much attention has also been focused on developing cationic surfactants as germicides with improved antimicrobial activity against a range of microorganisms 15 20 .
Previously, we reported the development of a new type of cationic Gemini surfactant with improved biodegradability, trans-1,4-bis 2-alkanoyloxy ethyldimethylammonio -2-butene dichloride, or II-m-n t-butene 9 . The lipophilic portion of these molecules contains a labile oxycarbonyl group, making them more readily hydrolysable after use. Preparation of these compounds involves the use of a highly reactive trans-2-butene-1,4-dichloride as a spacerintroducing reagent, and the process is convenient and provides near-quantitative yields.
In this work, we aimed to evaluate the antimicrobial activity of II-m-n t-butene compounds. Our goal is to develop cationic Gemini surfactants that possess good biodegradability as well as antimicrobial activity that is comparable to that of commercially available antimicrobial agents. We therefore assessed the antimicrobial activity of II-m-n t-butene compounds against Escherichia coli, Klebsiella pneumoniae, Staphylococcus aureus, and Staphylococcus epidermidis and compared it to that of conventional antimicrobial agents.
EXPERIMENTAL METHODS
Measurement of antimicrobial activity. Minimum inhibitory concentrations MIC, μg/mL were determined by the standard method approved by the Japanese Society of Chemotherapy. The names and identification numbers of the organisms tested are as follows: Escherichia coli IFO 3972 , Klebsiella pneumonia IFO 13277 , Staphylococcus aureus IFO 12732 , and Staphylococcus epidermidis NBRC 100911 . These strains were obtained from the Research Institute of Environment Agriculture and Fisheries, Osaka Prefectural Government, Japan. To prepare the surfactant solution, 50 mg of II-12-2 t-butene was added to 50 mL of double-distilled water. The surfactant solution was diluted to a concentration of 500 μg/mL, and filtered using a 0.22-μm polyvinylidene difluoride PVDF filter Millipore Millex, MA, USA . Bacteria were incubated overnight at 37 on nutrient agar plates. The colonies formed were suspended in 5 mL of sterilized double-distilled water, adjusted to 60 transparency at an absorbance wavelength of 660 nm, and diluted 10-fold to obtain a density of approximately 1 10 7 cells/mL. One loopful of the suspension was streaked onto Müller Hinton agar plates containing the test compounds at concentrations ranging from 500 to 1.95 μg/mL prepared by two-fold serial dilutions . To determine MIC values, the following procedure was used: Culture solution 100 μL; sterilized at 121 for 20 min was added to each well of a 96-well microtiter plate IWAKI , followed by 10 μL of the microorganism suspension. Plates were then sealed with gas-permeable moisture barrier seals, and incubated overnight at 35 with agitation, using a plate shaker. After incubation, the absorbance at 630 nm was determined using a Multiskan MS microtiter plate reader Thermo Fisher Scientific, Offenbach, Germany . The MIC was taken to be the lowest concentration that inhibited bacterial growth.
RESULTS
As described in our previous study, the biodegradability value of II-12-2 t-butene was 52 after 14 days 9 . To evaluate the antimicrobial activity of II-12-2 t-butene , we determined MIC values for II-12-2 t-butene , II-12 t-butene , and II-14 t-butene . These are listed in Table 1 , along with MICs for selected commercially available antimicrobial agents. The MIC value of II-12-2 t-butene was comparable to that of II-12 t-butene , benzalkonium chloride, and benzethonium chloride 21 , for both Gram-positive microorganisms MIC for S. aureus: 7.8 μg/mL and Gram-negative microorganisms MIC for E. coli: 31.2 μg/mL . This suggests that introduction of the oxycarbonyl group in the hydrophobic part of the molecule did not affect the antimicrobial activity. 
Fig. 1 Schematic illustration of cationic Gemini surfactants II-12-2(t-butene) and II-m(t-butene).

Antimicrobial Activity of Cationic Gemini Surfactant Containing an Oxycarbonyl Group in the Lipophilic Portion against Gram-positive and Gram-negative Microorganisms
We also examined the effect of the length of lipophilic group on antimicrobial activity. The activity of II-12-2 t-butene was similar to that of II-14 t-butene against S. aureus Gram-positive , whereas II-12-2 t-butene showed greater activity than II-14 t-butene against E. coli Gramnegative .
Overall, II-12-2 t-butene showed acceptable bacteriostatic effects on both Gram-positive and Gram-negative microorganisms, as well as good biodegradability. These results indicate that this compound displays an optimal balance between effective antimicrobial activity and biodegradability.
DISCUSSION
As discussed in the work of Murguía et al., the MIC values of II-12-2 t-butene for Gram-positive microorganisms were expected to be lower than for Gram-negative microorganisms, because the outer membrane of Gramnegative microorganisms is thought to be less permeable to surfactants than that of Gram-positive microorganisms 18 .
Consistent with this, the MIC for S. aureus 7.8 μg/mL was lower than for Gram-negative E. coli 31.2 μg/mL . A similar trend was observed for the other two compounds, II-12 t-butene and II-14 t-butene . The MIC value of II-12 t-butene for S. aureus 3.13 μg/mL was lower than that for E. coli 25 μg/mL . These results show that the presence of the cleavable oxycarbonyl group does not affect the antimicrobial activity of these cationic Gemini surfactants.
For benzethonium chloride, the MIC for E. coli 31.5 μg/ mL was markedly higher than that for K. pneumoniae 8 μg/mL . In contrast, the MIC of II-12-2 t-butene was the same for E. coli 31.2 μg/mL and K. pneumoniae 31.2 μg/ mL . This suggests that the two 14-carbon lipophilic moieties of II-12-2 t-butene is not affected by competitive adsorption of organic compound, making the compound equally effective against both E. coli and K. pneumoniae.
CONCLUSION
In this study, we investigated the antimicrobial activity of trans-1,4-bis 2-alkanoyloxy ethyldimethylammonio -2-butene dichloride, II-m-n t-butene , a cationic Gemini surfactant with improved biodegradability and surface-active properties. For the Gram-positive and Gram-negative microorganisms tested, II-12-2 t-butene exhibited MIC values comparable to commercially available antimicrobial agents, including benzalkonium chloride and benzethonium chloride, and to a related cationic Gemini surfactant, II-m t-butene . These antimicrobial properties of II-12-2 t-butene , together with its foaming ability which conventional cationic surfactants lack , may allow it to be used as the main component of antibacterial agents such as hand soap.
